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Abstract A dynamically-polarized proton target oprat.ing at 5 Tesla and 1 K has
been built to polarize an cpithermal neutron beam for studies of parity violadon in
compound-mdear resonances. Nearly 0.9 pxon polarization was obtained in an
ekctron-tx?am irradiated ammonia WgeL This was used to produce a neutron
bem pdarhtion of 0.7 at epilhennal energies. The combination of the pkiz.ed
poton target d the LANSCEspatlationneutrcmsource podwea the motu intemsc
pulsed polarized epilheamal neutron beam in the wcrld. The neutron-km polafiz-
cr is descrikd and mehds to determine nculron beam pokizmkm = pesentrd.

INTRODUCTION

Developrmnt of neutron spallation soumcs has created a new capability to study
fundamental symmetries such as parity md titnc-reversalviolation, in compo md-
nuclcar resonances. These experiments require a high-intensity, poltiz-xi Iow-
encrgy neutron beam with a mlativcly short pulse length. In this paper we describe
the polarbxl neutron-beam facility at the Los Ahurtos Neutron Scattering Center
(LANSCE) built by the TRIPLE collabmation for parity-violation (PV) studies in
neutron-nucleus interhons.

The large spin dependence of the n-p scattering cross section has been used to
polarize low-energy neutron beams by transmitting neutrons thug!. material
con~ining polarized protons. This methcd was first used at the Joint Institute for
N~clear Research, DubnL in the 1960’s (1). Since, significant progress has been



made in building targets for spin experiments in nuclear and high-energy physics
(2). Recently, almost 100% proton polarization was reported using the dynamic
nuclear polarization method at 1 K and 5 Tesla with electron team irradiated NH3
material (3). The energy independence of the spin-spin n-p cross section makes a
cryogenic polarized proton filter a useful neutron beam polarizer in the energy
interval km 0.1 eV up to 50 keV.

The TRIPLE qogcmic neutron-spin falter prcduces longitudinally polarized epi-
thermal neutrons for PV experiments. The exprment and preliminary results are
discussed by Yen:? al. (4) in these Prmealings. The requirements for the ncutron-
spin filter include high proton polarization, resistance to radiation damage from F
rays small beam armuation, and operational simplicity and reliability.

Polarid 3He can be also mod to polarize low+mergy neutrons. Recent develop-
ments in optically phizxi 3He targets, especially the availability of Iowast and
high-power GaAIAs diode laser arrays, have made the polarized 3He cells an
alternative for producing polarized low-energy neutron beams. At Prescnh 70%
polarization has been achieved with 3He gas in pressures up to 10 atmospheres.
Use of optically plarized 3He has been discussed in a number of papers in the
Conferenw (5). The total absorption cross section, almost the same as the capture
cross section, fa the n-3Hc reaction is abuut 980 bat 0.7 eV. The absorption cross
section results from a strong subthreshold s-wave resonance and falls off inversely
with the neutron velocity (6). This energy dependence of the cross section limits a
practical neutron-spin filter below 10 eV. In our PV experiments the energy range
of interest is from 0.1 eV to 1 keV.

The polarization of a neutron beam transmitted through a longitudinally polarizd
pnwn target with polarization of fH is given by

(1)

where n is the number density of the protons per cm3 in the target, CJP is the
polarization cross sectiGiI, and r is the thickness of the filtering material. The
po!arimtion cross section is Up = (a+ - C+ where the SITOWSindicate the di-
rection of tie neutron spin with resp& to the direction of the proton polarization.
In the energy region of 1 eV to several keV, these cross sections are nearly
COIISWL U= is 37.2 b ~ us is 3.7 b, giving Up = 16.7 b (7,8). Neutrons with
spin direcbon opposite to the polarization of the filter will be scattered. Neutrons
with pasalkl spin direction will be attenuated by piut of the triplet n-p cross section
and scanting from the other background nuclei present in the material. ‘he
transmission of the beam is given by

T = TOCOSh(f/./n~pl) , (2)

where



[)To= CXP -~tI#7(# . (3)
i

The sum is overall dw types of nuclei present in the material. The unpolarized total
cross section for the n-p reaction i~ cro = 20.5 b and is U. - 10 b for n-l 4N
scattering (6). Fi=- 1 presents the neutron k-am polarization and transmission as
a function of proton polarization in NH3 for three different thicknesses of the

larizing material. The transmissions do not include contributions from liquid
G eorothera-yosta tmatmial sinthepathofthc ncutronk.am.

PV effects are probational to In and the measurement time required to obtain a
given statistical accuracy is inversely proportional to the figum~f-merit (FOM) of
the filter, ~~, where I represents the km intensity and fn depends on the proton
polarization. The FOM is optimized using the thickness of the poltuizing material
and the cmss-sectional area of the tl.ltcr.

THE POLARIZED PROTON FILTER

A layout of the TRIPLE apparatus for PV experiments is schematically shown
in Fig. 2 and is desmibed in detail in Ref. (9). Intense epithcrmal ne~tron pukes are
produced by impinging 8WMCV protonpulses with a FWHM of !25 ns at the
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FIGURE 1. Neutron beam polarlzatbn and Iransmlsslon as a functbn d proton

polertzetbn In NH3 for the Mectlve pdarlzlng Ihkknasaes of 0.5, 0S5, ad 1.0 cm.
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FIGURE 2. TRIPLE apparatus for PV rneasuremsnts.

rate of 20 Hz on a tungsten target. A water nmlcrator is used to decrease the
neu(ron energy to the epithenmd range. After a collimation, the k.am is polarized
by the spin filter and then the ncuum helicity state is controlled by the spin flipper
(9,10). The flipper consists of a system of longitudinal and trans~’erse magnetic
fields and is effective over a neumon energy range of ~~,X/E~ti - l(KN). The
systematic mom of the experiment were reduced by changing Lk neutron helicity
state every 10 seconds and the direction of the proton polarimtk evexy few days.

In the neutron-spin fflter, which is a @arizcd proton target, protons are polarizui
dynamically by microwave pumping at 1 K and 5 TAa. Figure 3 shows schemati-
cally the proton filter. The system consists of a 5-Tcsla split-coil superconducting
magnet. The field homogeneity, as measured in the LANSCE target room in the
presence of iron shielding, was 1.3 “ I@ over a volume of 8 cm in diamemr and
2 cm in Ien .

P
The magnet was manufactured with an undistorwxihanogeneity of

lpartinl (11).
The polarizing material is NH3 in the form of 1-2-mm grains. Pmamagnctic

polarizing centers were produced by irradiating t!!cmaterial with 30-MeV elccmms
with the dose of 24. 1016e-/cm2 and rate of 0.5--1 @/cm*. The N1-$filter is a
cylindrical disk 80 mm in diameter and 13 mm in length cmled to 1 K in a
pumped 4He bath. A coolinb power capacity of 2 W at 1.05 K is obtairmd with a
pumping speed of 82(X)m3/h for 4He gas. This ccx)ling capacity is needed to re-
move heat caused by the microwave pumping, which with NHg was 20 mW/cm3.
We have also tested 1-Butanol material doped with EHBA (12) to a level of 3 ~
1019 spins/cm 3. With this sample, a microwave power of 45 mW/crn3 was
re@ed.
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FIGURE 3. Schamatk of the TRIPLE bngltudlnalty-pokirizad proton flW.

PERFORMANCE 03 THE POLARIZER

Proton; olarizarion was masurcd with NMR using the Liverpool-typ detitor
system (13). Typical proton polcrizdons with NH3 during the experiments were
+0.85 and 4).90. TIM neutron beam polarizations were +0.73 and 4,67,
respectively. The neuuon beam polarization measurement is described below.
From Fig. 1, one ctm eshatc that the cffectm thickness of the NE$ was less than
O.~ cm, which was the design value. Also, the comparison of the pr@on polar-
ization values mcasurd with NMR and the beam polarization values indicate that
there was a linearity problem with NMR (13). lle time constant for the build-up
of the proton polarization is about 30 min.

A sample composed of l-Butanol beads was also polarized in the same cryostat.
The density of polarizing centers was 601019 spins/cm3. Protm~larization of
M3.60 was achieved in a sample of 8 cm3. In a sample of 65 cm , polarizations
were +0,24/ +.34. The electron spin density in this sample was 3 . 1019
spins/cm3.



POIARIZATK)N MEASUREMEU’I’OF7HENFUI’RON BEAM

Threedifferent techniques wem used to determine the nermon t eam polari2Mion.

(d

(b)

(c)

The proton polari-zation of the polarizer was measured with ~R and then
the neutron polarization was calculated from Eq. (1) by using the bown
thickness of the filter, t. The thicbess of the filter material was determined
with the attenuation of 0.662-McV gamma rays from a 137CSsource. As a
result, the fflling factor was obtained to he 0.63. NMR is not sensitive to
inhcmmgencities in the polarization m in the thickness of the material, which
can lead to an inhomogenecms beam polarization. Howewr, an NMR mea-
surement is accurare, it does not disturb the neunrm beam and a NMR mea-
surement lakes less than 30 seconds. Therefore, NMR was used in tne
cxpximent as a contimmus neutron-km polarization monitm.
Neutron km polarization could be determined from the absolute value of
the transmission of the l~eutron beam by using Eu. (2), where the factor
f/fn6/Jt was exaacted c.ndthen s~!xtituted in Eq. (1) (7,14). A better way
to measure the beam p -“-rization is to dermrmine ‘k transmission ratio of
the polarized and unpLm’xxl iilta. According to Eq. (2),

i“f.= JL
T:,

(4)

where TO (T I) is the transmission through the unpolarized (polarized)
R’filter. With t is method, one dews not need to know the thickness of the

material, protm @rization, or moss sections. In an hour we can obtain a
beam polarkalioii with W. &Xuracy of 2%.
Ihe parity -violatin (PV) longitudinal asymmetry P of the 0.734-eV p-

!!wavs resonance in 1 & has ken detea’minedto LhCace-y of P = (9.SS*
0.3S)% (14). To measure the neutron polarization produced by the spin
filter at 0.7?4 eV, a measurement of the PV longitudinal asymmelry was
performed using the method ~~ibd in Ref. (14). The measured neutm
asymmetry of the 0.734-eV p-wave resonance is proportional to /*P, thus

allowing -f. to be determined. The upper panel of Fig. 4 shows a TOF
spectrum of 13% around 0.7 eV. The lower panel shows the PV asymme-
try of the 0.734-eV resmmnce ar’tera 20-min run (32(X)9proton pulses). A
5% neutron polarization measurement can be achieved in two hours. A
problem of this method is that the beam poltization is measured only at
one energy, at rhe lower part of our energy region of interes~ Therefore, the
energy dependence of the n-p wOss section has to be known, as well as the
effect of the spin flipper on the beam polarization as a function of the
neutron energy (9,10).
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